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NATTONAT, ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

AN INVESTIGATION AT MACH NUMBERS OF 1l.41 AND 2.0l OF THE
AERODYNAMIC CHARACTERISTICS OF A SWEPT-WING
SUPERSONIC BOMBER CONFIGURATION

By Norman F. Smith and Lowell E. Hasel
SUMMARY

An investigation of the aerocdymamic characteristics of a swept-wing
supersonic bonber configuration has been conducted in the langley 4~ by
h-foot supersonic pressure tunnel. The tests were performed at Mach

nurbers of 1.41 and 2.01 at a Reynolds number of 2.6 X 106 based on the
wing mean aerodynamic chord.

The model incorporated a tapered wing having an aspect ratio of 3.5,
a taper ratio of 0.2, a thickness ratio of 5.5 percent (streamwise) and
70 sweep of the quarter-chord line.

The longitudinal and lateral force characteristics of the model and
various combinations of its components, including several jet nacelle
installations, were investigated. The effects of a modified wing, two
horizontal tail positions, and a shortened fuselage were also studied.
The results obtained from these investigations are presented in this
report.

The aerodynamic investigetion of this model disclosed no unusual
stability characteristics or Mach number effects. The choice of nacelle
installations appears to be a major decision, one greatly afifecting the
performance of the airplane. At a Mach nunber of 1.41 =nd 1ift coeffi-
cient of 0.1, the buried nacelles increased the drag of the basic model
by 9 percent, while the best pod nacelles increased the drag of the
basic model by 27 percent.

INTRODUCTION

An investigation of a swept-wing supersonic bomber configuration
has been made in the Iengley 8-foot transonic tumnnel (ref. 1) and the
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Langley 4~ by 4-foot supersonic pressure tunnel. This report presents
the results of the investigation in the latter tunnel at Mach numbers

of 1.41 and 2.01, and a Reynolds number of 2.5 X lO6 based on wing mean
aerodynamic chord. Longitudinal and lateral force characteristlcs of

the complete aircraft configuration and of various combinations of its
components, including several jet nacelle installations, are shown. The
effects of a modified wing, a shortened fuselage and two horizontal-
taill heights were also studied. Some comparisons of the data with simple
theories are presented.

COEFFICIENTS AND SYM30LS

The resulis of the investigation are presented in terms of standard
NACA coefficients and are referenced to the stability exes (fig. 1).

The cocefficients and symbols are defined as follows:

cr, 11ft coefficient, L%gi, where Lift = -2

Cp drag coefficient, Dr:g, where Drag = -X
@

Cm pitching-moment coefficient, M'/qSE

Cy lateral-force coefficient, Y/qS

Cp yawing-moment coefficient, N'/qSb

C3 rolling-moment coefficient, L'/qSb

X force along X-axis, 1b

Y force along Y-axis, 1lb

z force along Z-axis, 1b

M’ rioment about Y-axis, 1b-ff

N moment about Z-azxis, 1b-ft

L' rolling moment about X-axis, lb-ft

q free-stream dynamic pressure, lb/sq ft
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M Mach number

s wing plan-form area, 1.367 sq ft

b wing span, 2.188 ft

c wing-section chord, ft

é wing mean aerodynamic chord, 0.718 ft

4 angle of attack of fuselage center line, deg

ig incidence angle of stebilizer chord line with respect to
fuselage center line, deg (positive with trailing edge
dowm ) '

Be deflection angle of elevator chord line with respect to

stabilizer chord line, deg

6 deflection angle of rudder, deg
v angle of yaw, deg

L/D lift-drag ratio

thrim 1ift coefficient at trim (Cyp = O)

APPARATUS AND MODELS

Tunnel

The Langley h4- by k-foot supersonic pressure tunnel is a rectangu-
lar, closed-throat, single-return wind tunnel designed for a Mach number
range of 1.2 to 2.2. The tunnel is powered by a LU5,000-horsepower elec-
tric drive and has a stagnation pressure range of from about l/h atmos-
vhere to sbout 2 atmospheres. The test section is 54 inches wide and
approximately 53 inches high for M = 1.4, approximately 61 inches high
for M= 2.0. An external air-drying sysiem supplies air of a suffi-
ciently low moisture content to preclude moisture condensation in the
test section.

Models

A two-view drawing of the model is showm in figure 2 and photo-
graphs are shown in figure 3. The geometric charescteristics of the
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model are presented ir table I. The model was sting-mounted from the
rear. Forces were measured by means of an internal six-component strain-
gage balance. Static pressures were measured at the base of the model
and in the nacelle ducts. All strain-gage wiring was carried internally
through the sting and support strut to outside the tunnel, while the
pressure tubes were run externally along the sting to a merifold in the
vieinity of the support-strut leading edge.

The model-support system provided for changes in angle of attack
or yaw in the horizontal plane while maintaining the model approximately
in the center of the test section. Figure.h(a) shows a configuration
installed in the tunnel for yaw tests, while figure 4(b) shows another
configuration oriented for pitch tests.

The angle of attack or yaw of the model was set to a rdominal value
by means of the support system. The actual angles were then measured
during the tests by means of an optical system which reflected light
from a small mirror imbedded in the surface of the fuselage.

The model was constructed with a nurber of joints in order that the
components might be tested in various combinations. These joints are
visible in figure 3. Although the model construction was of very high
quality, some filling and fairing of joints was necessary. As will be
shown later, the condition of the fuselage and fuselsge-wing-juncture
Joints had no measurable effect on the force data. An attempt was never-
theless made during all the {ests to keep these Joints in a faired con-
dition with glazing compounds (fig. 4).

The fuselage fineness ratio (with canopy nose) is 14.35. Several
tests were also made with the fuselage shortened % inches to a fineness
ratio of 12.96 (fig. 2). Four fuselage nose shapes were tested for com-
parative purposes (fig. 5). The majority of the tests were made with
the canopy nose (fig. 5(a}). The aft end of the fuselage is of arbitrary
shape to accommodate a sting of size adequate for the loads involved.

The wing is of aspeet ratio 3.5, taper ratio 0.2, and has 470 sweep
of the quarter-chord line. The wing incorporated twist which varied lin-

o
early across the span to 2% washout at the tip. The airfoll section is

5.5 percent thick (streamwise) and has a rounded-leading-edge section.
Ordinates are given in table II. The wing incidence and dihedral for the
majority of the tests were 4° and 0°, respectively. The wing and mounting
were so counstructed as to permit installation of the wing with angles of
incidence of 2° and 4°, and with angles of dihedral of 00 and 5°. The
lower inboard section of this wing is removable for installation of
buried nacelles which have an air inlet in the leading edge of the wing
root (fig. 4(b)).
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A modified wing which was designed to alleviate certain low-speed
problems was investigated. The originsl and modified wings are identi-
cal over the inboard 50 percent of the wing semispan stations. From the
80~ to 100-percent semispan stations, the forward 15 percent of the orig-
inal wing was modified (fig. 6) by adding the full camber of an NACA
230-series section to the original mean line. (The original mean line
and the 230 camber line were assumed to coincide at the 15-percent-chord
station.) From the 50- to 80-percent semispan stations, the amount of
camber which was added to the original mean line varied in an arbitrary
manner. Section ordinates for the original and modified wings are pre-
sented in tables II and IIT.

The center of gravity (and moments ) was assumed to be at.the
35-percent-chord station of the wing mean aerodynamic chord (fig. 2).

The horizontal stabilizer is geometrically similar to the wing in
plan form and has a symmetrical 5%-percent-thick section (table IV).

Provisions were made for mounting the stabilizer at various angles of
incidence in two positions (fig. 2): on the sides of the fuselage at
the center line and on the sides of the vertical tail. In these two
positions the horizontal stabilizer has the same exposed area but dif-
ferent total areas when the areas "blanketed” by the fuselage or verti-
cal talil are considered (table I). An elevator is included as & part of
the horizontal tail. Elevator deflections were obtained by installing
elevator sections which had been machined to the desired deflection.
The elevator aree is approximately 15 percent of the complete exposed
stabilizer area, and the elevator chord is 21 percent of the stabilizer
chord.

The vertical tail is of the same taper ratio and thickness ratio as
the horizontal stabilizer, but has an aspect ratio of 1.5 (fig. 2). The
rudder angle was changed by a method similar to that for the elevator.
The rudder area is approximstely 14 percent of the total area. Ordinates
for the horizontal and vertical tails are presented in table IV.

The configuration having the original fuselage, original wing, ver-
tical tail, and horizontal tail with incidence angle of -3° will be iden-
tified throughout the report as the “pasic model."

Three types of nacelles were added to the basic model. The buried-
nacelle installation which employs a wing-root inlet is shown in fig-
ures 7 and 4(b). The duet behind the single inlet in each wing is divided
into two passages, each leading to a circular exit aft of the wing trailing
edge. Venturi sections with static-pressure orifices were provided in the
two port-nacelle exits for determination of internzl-flow conditions.

The cone nacelle is of the pod type, mounted on sweptforward struts
(figs. 8 and 3). Ezch nacelle contains two separate inlets and ducts.

e
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The outboard duct of the port nacelle was provided with a venturi and

static-pressure orifices for determination of intermal-flow conditions.
The cone-nacelle wag tested on the wing in two spanwise positions: v
0.50 semispan and 0.60 semispan.

The wedge nacelle is a twin-duct pod nacelle designed around a com-
rmon vertical wedge at the inlet (figs. 8 and 4(a)). Internal static-
pressure orifices were provided as in the other pod nacelle. The wedge
nacelles were tested at M = 1.4l only and were located at the 0.50-
and 0.60-wing-semispan positions.

The models, support sting, balance, and assoclated indicating equip-
ment were supplied by an aircraft manufacturer.

TESTS
Conditions
The nominal tunnel conditions for these tests are given in the .
following table:
M= 1l.41 M=2.01 [
tagnation pressure, lb/sq in. abs . . . . . . . . 11.5 k.7
Stagnation termperature, °F . . . . . . . . . . . . 110 110
Stagnation dewpoint, OF . . ¢ ¢ « o ¢ 4 & v o« o & <-30 <-30
Dyneric pressure, 1b/sg £t « « « « « + & o 4 . . . 720 ThO

Reynolds number (based on wing M.A.C.) . . . . . . 2.6 x 106 2.6 x 106

The nominal test angles for model and model control surfaces are as
follows:

Angle of attack .« + + o « o o « « « +« « o« « =89 t0o 10° in 2° increments
Angle of YW « « = o o + « = = 4 o « « « « o =4O to 6° in 20 increments
T « o 4 ¢ e e e e v e e e w e .. 20, -39, 8% (occasionally T°, -13°)
Be » o o+ o m e e e e e e e e e e e e e ... 09 -100, -20°0
Bp o « o o « « o o o o 8 o = & o s 4 4 4 4 4 e e s e .. 09 59 .10°

Corrections and Accuracy

The angles of attack and angles of sideslip were measured by an
optical system which refiected light from a smell mirror imbedded in
the surface of the fuselage. The accuracy of this system is estimated
to be #0.1° at low angles and $0.15° at high angles.
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The strain-gage balance was temperature-compensated. Component
interactions were determined in calibration and all data are corrected
for interactions.

The estimated errors in the force dats are as follows:

CL « = = o o o = o o o & « o o + & o o o o o o s o s e o e v .. £0.002
Col + = « o o o o o & & o « o o = o o o o o e s v e e e e e... *o.002
CD « « = = o o o o o o o & o s o e s et e e e e e e e ... *O.001

CF o o o o o ¢ o o o o o o o« « o e« o s = o« « s« « o o s o = « « . EO.00L
CY « o o ¢ o o o o o o o o « o o o s o o 4 s o s e 4 e e e« « . E0O.0006

Ch e = « o o « o e o & o & o o o 4o 4 e e e e e e e e e e e .. . 0.0001

The base pressure was measured and the drag data were corrected to corre-
spond to a base pressure equal to free-stream static pressure.

No corrections for interference forces caused by the sting support
have been applied to the data.

As an overall check on the sccuracy and repeatability of the data,
a number of repeat runs were made on identicsl configurations at various
times during the test program. Data from repeat runs are plotted in
figure 9.

Calibration data for the M = 1.4 nozzle which were obtained at a
stagnation pressure of 4 Ib/Sq in. abs are presented in reference 2. A
partial survey of this nozzle (data unpublished) has slsc been made at a
stagnation pressure of 15 Ib/sq in. abs. From these data ‘an estimzste of
the Mach nurber and flow-angle variation ai a stagnation pressure of
11.5 Ib/sq in. abs has been made. Unpublished results for the M = 2.01
nozzle show that the magnitude of the wvariations of Mach nuwber, flow
angle, and statie pressure in the vieinity of the model are small, and
no corrections for these variations heve been applied to the data. The
variations are summarized in the following teble:

M=1l.41 M=2.01

Mach number . & ¢ « ¢ & « =« ¢ o 2« o « « s =« « = « & +0.01 +0.01

Flow angle in horizontal plane, deg . . « « .« « . . £0.2 0.1

Flow angle in vertical pisne, deg . . . . . . . . . to.2 +0.1
PROCEDURE

The order in which the wind-tunnel tests were performed is given by
the run nunbers tebulated in the run log (tables V and VI). This order
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was set up to expedite the program in accordance with the peculiarities
of the tunnel and model. Also, an attempt was made to group, insofar as
possible, runs to be compared or analyzed as a group.

In order to determine the sensitivity of the force resulis to the
surface condition of the fuselage, runs were made with the fuselage and
fuselage-wing-juncture joints (fig. 3) faired and unfaired. No differ-
ences in the force measurements were obtained in these two tests.

Similarly, tests were made to determine the effect of sealing the
swall gap which existed at the juncture of the horizontal and vertical
tails. No significant effect upon the longitudinal stability was meas-
ured. In both of the foregoing cases, the data are presented in the
tabulated results but have not been plotted.

Because it was considered possible for the pressure tubes which were
required for duct pressure measurement to Introduce extranecus forces
into the results, several check runs were made with tubes connected and
disconnected. These duplicate sets of force data (given in tables VII
and VIII) showed that the pressure tubes had no significant effect upon
the balance readings. HNo distinction is .therefore made in the figures
between force date obtained with and without the pressure tubes connected.

PRESENTATION AND DISCUSSION OF RESULTS

The deta which were obtaired from this series of tests are tabu~
lated in tables VIT to X. Most of these data are presented and dis-
cussed in the following sections of the report except for a few runs
mrede to check research techniques and repestability of data. The run
rurbers are presented on the data figures to correlate these deta with
the tabulated data. The run logs (tsbles V ard VI) identify the model
configuration for each run nurber.

Longitudinal Force and Moxent Characteristics

Model breskdown.- The variations with angle of attack of the 1lift,
drag, and pitching-moment characteristics of the various combinations
of model corporents, excluding nacelles, are presented in figure 10.
The minimun drags of the basic model are approximetely the same at both
Mach nurbers and have a value of about C.028. Throughout the report,
the configuration having the original wirg, original fuselage, vertical
tail, and horizontal tail with incidence angle of -%% will be identified
as the basic model. Also, unless otherwlse stated, wing incidence 1s 4o
and wing dihedral 0°. The increase in drag with angle of attack (fig. 10)
is greater at M = 1.41 then at M = 2.01, as would be expected, since
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the data show that the increase is primarily due to induced drag of the
wing, and the wing has a higher lift-curve slope at a Mach nunber of 1.41.

The fuselage alone is unstable (fig. 10). Addition of either the
wing or the horizontal tail to the fuselage produces a stable configura-
tion. The low-tall configuration is slightly more stable than the high-
tail configuration. Several factors can contribute to this condition,
nemely, the fact that the area of the low tail (including that blanketed
by the fuselage or’ vertical tail) is about 2L percent greater than the
area of the high tail, and the probability that the high tail is in e
region of greater downwash at both Mach numbers. At both Mach numbers
the slopes of the pitching-moment curves of the complete-model configura-
tions decrease at the higher angles of attack.

The values of Cmm and Cr, (reasured at the trim angles of attack

for the basic models) for the various model configurations are presented
in the following table:

M=1.41 M=2.01

Configuration

Fuselage - « « « =« o « « o =« « o« « « « | 0.0035 | 0.0008 | 0.0036 | 0.001L4
Fuselage, vertical tail, and low
norizontal tail . & & v ¢ & & - <« .| -.012 .0075 | -.0068 | .0057
Fuselage, vertical tail, and high
horizontel tail . «eev = « « « « . - | -.0097| .0061 | -.0045 | .OOUE
Fuselage and Wing . .« « « « « « « « « | -.0092| .060 |-.0043| .0OkO
Basic model with low horizontal
£BIL 4@ 4t h v e e e e e s e e e e «] =020 .062 | -.012 .0L3
Basic model with high horizontal
t2il ¢ ¢ 4 . h e d e e e e e e .. .| =.019 .061 | -.011 .0hk2

By using linear-theory methods (refs. 3 and h), the theoretical 1ift-
curve slopes of the isolated wing have been computed to be 0.064 and 0.043
at M=1.41 and M = 2.01, respectively. The corresponding experimental
slope increments due to the addition of the wing to the fuselage are 0.059
and 0.039 and are about 91 percent of the theoretical vslues for the iso-
lated wing.

Effectiveness of horizontal stabilizer and elevator.- The longitu-
dinal stability characteristics of the basic model with various incidences
of the high and low horizontal stabilizer are shown in figures 11 and 12,
respectively. Figure 135 shows corresponding data for the basic model with
various elevator deflections on the high stabilizer. From these three

NPT S
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figures, figure 14 has been prepared to show the effectiveness of the
stabilizer and elevator in changing trix 1ift coefficient. The high
stabilizer is shown to be slightly more effective than the low stabilizer
in changing trim 1lift coefficient at the higher lncidence angles because,
as kas been shown previously, the configuration with high stabilizer is
less stable. The tTwo positions have spproximately the same effectiveness
near zero incidence. 1In both the low and high positions the stabilizer
loses about 30 percent of its effectiveness when the Mach nurber is
increased from 1.41 to 2.01. This loss in effectiveness is proportional
to Tthe decrease of stabilizer lift-curve slope with increasing Mach number.

The effectiveness of the elevator is approximately 16 percent of the
stabilizer effectiveness, which corresponds closely to the ratio of ele-
vator area to total stabilizer area.

Lift-drag ratios.- The lift-drag ratios of the basic-model config-
urations are preserted in figure 15. At a Mach number of 1.41, the high-
end low-tail coafigurations have maximum lift-drag ratios (trimmed) of
about 5.35 and 5.55, respectively. At the higher Mach number, the corre-
sponding values are 4.25 and 4.35. Lift~drag ratios for the untrimmed
condition are also presented for compsrison.

Wirg incidence.- A comparison of the results obtained from tests of
configurations having 2° and 4° of wing incidence is wade in figure 16.
At both Mach nuribers, the effects on stability of changing the wing inci-
derce on the basic rodel are small. Decreasing the wing incidence reduced
the stability at trim conditions by about 5 percent at a Mach number of
1.4%, but had no effect at a Mach number of 2.0l. The lift-curve slopes
at both Mach nurbers were independent of the incidence angle.

Modifled wing.- A comparison of the results obtained from tests of
the original ard the modified (drooped leading edge) wing are presented
in figure 17. At trim the modified wing increased the drag coefficient
of the basic model by 10 percent or less at both Mach nurmbers. The use
of the modified wing at a Mach nurber of 1.4l resulted in a negligibvle
increesse in stability st 1ift coefficlents less than 0.35. At the higher
Mach number, no change in stability resulted from using the modified wing.
The lift-curve slopes of the basic model with the two wings were the same.

Nacelleg.~- The effects of adding the buried and pod nacelles to the
basic model with the original wing are shown in figures 18 and 19, respec-
tively. The elfects of adding the pod nacelles to the basic model with
the modified wing are shown in figure 20. For all nacelle data presented
in these figures, the drag values include the internsl drag of the
nacelles. Internsl drag measurements were made only on several typlcal
buried and pod nacel’e configurations. These data, the corresponding
mass-flow data, and the methods of computetion are presented iIn the
apperdix.

L
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The buried nacelles have a negligible effect on the model stsbility
at both Mach numbers (fig. 18). Near the trim point, the pod nacelles
(fig. 19) have either = negligible or small destabilizing effect at a
Mach nurber of 1.41. As the lift coefficient is increased, however,
these nacelles cause an appreciable decreasse in the slope of the pitching-
morent curve. At a Mach number of 2.01, the pod nacelles decrease ithe
sigbility of the basic model by a smell amount. Both types of nacelles
produce a slight inerease in the 1ift-curve slope. It should be men-
tioned that the buried-nacelle configuretion has an additional exposed
wing ares which is about 8 percent of the basic wing area.

The effects of adding the wedge-pod nacelles to the basic model with
the modified wing (fig. 20) are similar to the effects of the wedge-pod
nacelles on the basic model with the original wing.

External drag increrents due to the addition of typical nacelle
configurations to the basic model are shown in figure 21. These incre-
ments were obtained by subtracting the drag of the model with nacelles
off and the measured internal drag from the data for the model with
rnacelles on (see appendix). The data presented in figure 21 therefore
include mutual interference effects and for the pod nacelles alsc include
the strut drag. It will be noted that although the horizontal tail is
in different positions for the various nacelle tests (fig. 21), the drag
increments presented are not affected by tail position. At both Mach
numbers, the puried nacelles have much lower drag than do the pod nacelles.
The maximum increments of external drag for all nacelles occur near Zzero
1lift and are sbout 0.0025 for the buried nacelles as compared with 0.011
and 0.008 for the cone-pod and wedge-pod nacelles, respectively. At 1lift
coefficients above about 0.25 at a Mach number of 2.01, the external drag
increment for the buried nacelles becomes negative. Obviously the choice
of necelle installation is important, as it greatly affects the perform-
ance of the airplane. At low 1lift coefficients (Cr, = 0.1) at M= 1.41
the external drag increment of the submerged nacelles increases the drag
of the basic model by Q percent, while the best pod nacelles increase
the dreg of the basic model by about 27 percent.

The 1lift-drag ratios (based on external drag) of the untrimred basic
model with and without typical nacelle configurations are presented in
figure 22. The buried nacelles have either a negligible or a small
adverse effect on the lift-drag ratio of tke basic model (high horizon-
tal tail) at both Mach numbers. The pod nacelles decrease considerably,
at both Mach nurbers, the lift-drag ratios of the basic model (low hori-
zontal teil) at 1lift coefficients below about O.4. For example, at
M = 1.41, the buried nazcelles decreased the maximum untrirmed L/D for
the basic model (with high horizontal stebilizer) by 2 percent while the
best pod nacelles decreased the L/D of the basic model (with low hori-
zontal stebilizer) by 11 percent. Since the general shapes of the 1ift-
drag curves of the trimmed and untrimmed basic model (fig. 15) are simi-
lar, it is thought that the effects of nacelles on the lift-drag ratio

RSP
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of the untrimred model (fig. 22) are indicative of the effects of
nacelles on the lift-drag ratio of the trimmed model.

Short fuselage.- The effect of shortening the fuselage length
between the wing and -tail by 4 inches, or nearly 10 percent (see fig. 2),
is shown in figure 23 (M = 1.41 only). The characteristics of this
model are essentially the same as those of the long-fuselage model. The
shortened tail decreased the stability of the complete model by about
5 percent. This is only 25 percent of the stebility decrease which would
be predicted from the change in length of the two tail moment arms (cen-
ter of pressure of stabilizer was computed by means of linear theory).

It appears that shortening the distance between the wing and tail has
resulted in an increase in the effectiveness of the horizontal tail in
producing pitching moment, probably as a result of decreased downwesh.

Fuselage nose shapes.- The effects of four fuselage nose shapes
(fig. 5) are shown in figure 24. The 1lift and moment characteristics
of the four configurations were essentially the same at each Mach num-
ber. At both Mach nuribers, the model with the cusp nose had the highest
minimur drag of 0.029; the ogive-nose configurations had the lowest mini-
mum drags of 0.027.

Lateral Force and Moment Characteristics

Model breakdown.- The lateral stability characteristies of various
conbinations of fuselage, wing, and tail are shown in figure 25.

Tre configurations which do not include the vertical tail are direc-
tionally unstable. The vertical tall produces a high degree of direc-
tional stability. Addition of the wing to the fuselage has a small
effect, changing the slope of the curve in a stable direction. When
added to the fuselage with tails, however, the wing introduces unfavora-
ble sidewash and changes the slope of the curve slightly in the direc-
tion of decressed stability.

The following table compares the measured values of Cn¢ due to

adding the vertical tail to the fuselage and to the fuselage plus wing
with the values of an calculated for the vertical tail by means of

linear theory (refs. 3 and 4):
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Acnw due to vertical tail
Configuration
M=1.41 M=2.01
Wing on « v « ¢ « o « o « -0.00k1 -0.0027
Wing off .+ « ¢ ¢ o « « -.0043% -.0031
Linear theory . . . . « . -. 0037 -.0026

The calculation assumed a lifting surface whose semispan plan form was
identical with that of the vertical tail. This assumption effectively
introduces a reflection plane at the root of the vertical tail, a condi-
tion not exactly fulfilled by the fuselage. The table shows that the
magnitude of this incremental stability derivative can be approximately
calculated by the linear theory in this case. The magnitude is slightly
underestimated, as is the change with Mach number.

The rolling-moment characteristies (fig. 25) show that the configu-
rations without the vertical tail have approximately zero effective
dihedral. The positive effective dihedral measured for the basic con-
Ffiguration is produced largely by the vertical tail. The position of
the horizontal tail is shown to have (at M = 1.41) an important effect
upon the rolling moment produced by the vertical tall. The slope of the
rolling-moment curve for the basic model is decreased by about one-half
when the horizontal tail is moved from the high to the low position.
Examination of the yawing-moment and side-force curves shows that only
a small increase in vertical-tail load occurred; hence, the change in
rolling moment is due principally to a vertical shift in lateral center
of pressure of the taill group. Insufficient configurastions were tested
to explain the nature of this interference effect.

The wing displaces the rolling-moment curves appreciably but has a
negligible effect upon the slopes at M = 1.41. At M= 2.01, the wing
contributes a significant amount of positive effective dihedrsl. This
result is in accord with the results of some theoretical investigations,
such as reference 5, which indicztes that C-,,,‘|r for swept wings with

supersonic leading edges can change in this memmer as the Mach nuwber is
increased.

The fect that many of the yawing-moment and lateral-force curves do
not pass through the zero point of the axes is due to a slight asymmetry
of the model. The displacement of the rolling-moment curves is, however,
too large to be explained by asymmetry. Because balance zeros taken
before and after each test were In agreement and because acceptable
repeat points were regularly cbtained (see tabulated data) the slopes of
the curves cobtained are believed to be reliable. The reason for the dis-
placement of the curves is unkmnown, but appears to be some unknown char-
acteristic of the balance.
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Rudder effectiveness.- Figure 26 shows the lateral stebility char-
acteristics of the model with three rudder deflections. The rolling
moment at trim conditions is essentlially constant for the three rudder
deflections. Thus the rudder deflection essentially cancels the effec-
tive dihedral of the eirplane which, as has been pointed out previously,
is due almost entirely to the vertical teil. The rudder has relatively
low effectiveness in producing yaw. The derivative dw/dar is approxi-

mately ~0.1 at both Mack numbers.

Wing dihedral.- A comparison of the lateral stability characteris-
tics with OY and 5° of wing dihedrel is shown in figure 27. The contri-
bution of the O° dihedral wing to Cz¢ is small at both Mach numbers

(fig. 25). The increment due to the 5° dikedral wing is large at both
Mach numbers.

The following taktle corpares the lncremental values of sz corputed

Tfor an ircrease in wing dihedral of 50 by the method of reference 6 with
the measured difference in rolling moments between the 0° and 5° dihedral
wings:

ACz‘I!
Configuration M
Measured Computed, ref. 6
Basic model 1.41 0.0008 0.0009
Basic model 2.01 .0005 .0008
Tzil off 1.4 . 0009 . 0009
Tail off 2.01 . 0007 .0008

In general, the agreement between the measured and calculated values is
good..

As would be expected, increasing the dilhedral to 5° decreased
slightly the directional stability of the basic model but had virtually
no effect upon the lateral-force coefficients.

Wing incidence.- From figure 28 it cen be seen that the effects on
the laterel stability characteristics of changing wing ineidence from 4°
to 2° are small, the principal eZfect being a decrease in the effective
dihedral at M = 2.01.

Nacelles.- Figure 29 shows that the largest effect of the nacelles
on the lateral stability is on the rolling-moment coefficient.

(I
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The high positive effective dihedral of the model without nacelles
is Increased slightly by the addition of the buried nacelles. The effect
of all pod nacelles is to decrease the effective dihedral of the basic
configuration because the lateral center of area of the nacelle-strut
corbination is well below the center line of the fuselage (fig. 8). The
effective dihedral for the model (fig. 29) with the pod nacelles at
0.60 semispan is less than that for the model with pod nacelles at
0.50 semispan and is actually slightly negative for smzll yaw angles
at M= 1.41 (horizontal teil in low position). Examination of the
lift variation with angle of yaw (not presented) shows no dirference in
1lift between these two configurations; hence, the interference which
causes the difference in rolling moment between the pod nacelles at 0.50
and 0.60 semispan is not defined by the data obtained.

The yawing-moment variation is little affected by the nacelle
installation. The slope of the lateral-force-coefficient curve (fig. 29)
is higher for the model with pod nacelles installed as a consequence of
the lateral area presented by the nacelle-strut combinstion.

Comparison of original and shortened fuselage.- Two tests were made
at M= 1.41 with the fuselage shortened I inches from its original
length of 41.32 inches. Figure 30 shows a comparison of the lateral
characteristics of the model with the shortened and long (original)
fuselage.

The changes in lateral force are small because the change in lateral
area is sm=ll.

The directional stablility is lowered for the short fuselage in the
case of the tail-on configuration because of the decreased moment arm of
the vertical tail. The ratio of the values of an for the short and

long fuselage at trim (tail on)} is almost exactly equal to the ratio of
tail lengths, that is, the distances from center of moments to the cal-
culated centers of pressure of the vertical tzil.

The rolling moment is unaffected by change in tail length for con-
figurations without the vertical tail. The effective dihedral of the
basic configurations with original and shortened fuselage is essentislly
the same at high positive and negative yaw angles. The shift in the
rolling-moment curve which occurs at low angles is believed to be due to
increased sidewash effects which occur when the tail is moved closer to
the wing.

CONCLUDING REMARKS

An investigation of the aerodynamic characteristics of a swept-wing
supersonic bonber conflguration was performed in the Langley 4- by h-foot

L~ T Y
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supersonic pressure tunnel at Mach numbers of 1.41 and 2.0L at a Reynolds

nurber of 2.6 x 105. The model incorporated a tapered wing heving a thick-
ness ratio of 5.5 percent, 47° sweep of the quarter-chord line, an aspect
ratioc of 3.5, and a taper ratio of 0.2.

The investigation disclosed no unusual stability characteristics or
Mach nunber effects. The various nacelle installations were found to
differ greatly in their effect upon the lift-drag ratio of the airplane;
hence, the choice of engine-racelle installation is of major importance.
At a Mach nurber of 1.41 and 1ift coefficient of 0.1, the buried nacelles
increased the drag of the basic model by 9 percent, while the best pod
nacelles increased the drag of the basic model by 27 percent.

The effectiveness of the horizontal tall in changing trim 1ift coef-
ficient was gbout the same for the high and low positions, and the rela-
tive effectiveness of the elevator was proportional to the ratio of ele-
vator area to stebillizer area.

The wing modification was found to have negligible effects on 1lift
and stability and increased the drag (at trim) of the basic model by
10 percent or less st both Mach nunmbers.

The positive effective dihedral of the bpasic model was due entirely
to the increrent produced by the vertical tail. This increment was found
to be approximately equal to that produced by chenging the wing dihedral
from O° to 5°. The rudder was of relatively low effectiveness in pro-

ducing yaw.

The shortened fuselage affected the lateral stegbility in proportion
to the change in moment arm of the vertical tail. The longitudinal sta-
bility, however, was less affected, aprarently because of an accompanying
increase in horizontal-tall effectiveness as a result of decrezsed down-
wash in the field closer to the wing.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeromsutics,
Langley Field, Va., October 22, 13952.
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APPENDIX

INTERNAL DRAG AND MASS-FLOW CHARACTERISTICS OF NACELLES

Several assumptions must be made before the two static orifices
which were installed in the nacelle ducts can be used to compute the
internal drag and mass-flow coefficients of the nacelles. The stagna-
tion pressure and temperature must be assumed to be the same st the two
stations, and the flow across the duct must be assumed to be uniform.
The latter assumption sppears to be the more questionable, particularly
at angles of attack. It should be remerbered, bowever, that the errors
which may be introduced by the sbove assumptions will have only a minor
influence on the external drag of the basic model with nacelles because
the absolute magnitude of the internal drag is small.

The internal drag, Dy, is defined as

DI = Ag(P - Pe) + M (V - Ve) (1)
where
A duct area
static pressure
v velocity
m = pAvV
o] density

Symbols with subscript e refer to duct exit conditions and symbols
without subsecripts refer to free-stream conditions.

Using the assumptions discussed above, the following equation for
the internel drag coefficient of each nacelle duct can be derived:

/2

1
1+ 2= ty?2

2 Ae Pe D 2| M 2
CDy = —5 2 {1 - = + =& M, -1 (2)
o B PP 1‘«‘"1+—-—";1M2
P L

where 7 is the ratio of specific heats (for air, 1.h40).
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The value of Mz 1is a function of the static-pressure ratio and

the area ratio at the two orifice stations. It should be noted that
the values obtained from equetions (1) and (2) are axial forces. The
absolute magnitude of these forces 1is small enough, however, so that
the cos o correction which must be applied to obtain true drag Torces
is rnegligible and has therefore been neglected.

The mess-flow ratio me/m is defined by

me _ PeleVe (3)
m pAcV :

The irterral drag (based on wing area ) and mass-flow characteristics
of the nacelles are presented in figures 31 and 32, respectively. The
mass-flow ratios are based on the duct exit area since this areas was the
same for all nacelle installations and therefore provides a common basis
for comperiscn. Xo data are presented for the inboard duct of the buried
necelles at M = 1.41 because unsatisfactory measurements of the inter-
nal stetic pressure were rade.

Tre internal drag of the individual ducts (fig. 31) varied little
witk Mzch nwiber or angle of attack. At 2 Mach number of 2.01, the out-
board and inboard ducts of the buried nacelles have the same value of
internal drag. The value 1s slightly higher than that of the cone-pod
nacelle. At a Mach number of 1.41, the wedge-pod nacelle has the lowest
internel drag. Assuming an average internal drag value of 0.0006 per
duct, the total internal drag of a four-duct instzllation is about 9 per-
cents of the drag of the basic model. It should be mentioned that these
velues are not necessarily optimum values for a well-designed installa-
tion, since no effort was made to control the shock position in the
diffuser.

At both Mach nunmbers, the variatlion of the mass flow with angle of
attack is less for the pod nacelles than for the buried nacelles (fig. 32).
Over the entire angle range, the mass flow of the wedge-pod nacelle varies
less then 0.02 at a Mech number of 1l.hl.

The cone-pod nacelle was designed so that there would be no spillage
at a Mach number of 2.0l. Therefore, since the entrance area is equal to
the exit area upon which the coefficients are based, the mass-flow ratio
should be 1.0 at 0° angle of attack, and figure 32 shows this to be true.
Accerding to reference T, the design mass-flow ratio of the conlcal inlet
should be sbout 0.77 at a Mach number of 1.41. The lower value of 0.69
obtalned experimentally may be caused by too much internal contraction.
At a Mach number of 1.41, the mass flow through the buried nacelles is
greater than througl the cone-pod nacelle and, at a Mach nurber of 2.01,

c
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the mess flow through the cone-pod nacelle is greater. It is thought
(on the basis of the inlet geozr.etry) that the mass-flow ratio through
the wedge-pod nacelle would also have been 1.0 if it had been tested at
a Mach number of 2.01.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Wing:
Area, sq ft (includes area blanketed by fuselage) 1.367
SPan, £t + ¢ 4 ¢ 4 4 e o 4 e e s s e s e s e e s s e .. . 2,188

Aspect ratio . ¢ ¢ ¢ ¢ o 4 b b h d b e i e e e e e a4 e e . 3.5
Sweepback of quarter-chord line, de e e s o e & o o s & & @ g
Taper ratio « « ¢ ¢ ¢ ¢ ¢ ¢ @ & ¢ 6 o« o a o o o o a e o o o a 0.2

Mean zerodynamic chord, ft . . . . . ¢ ¢ &« ¢« & ¢ 4 ¢ o & & & 0.718
Airfoil section thickness in streamwise direction, percent

(see tables IT and IIT for ordinates) . . . « & ¢« ¢ & « « & 5.5
Twist, deg (linear variation from root to

BIP)e ¢ ¢ « o s+ 2 a s o o s o s« s s o » o« 0 to 2.5 washout at tip

High horizontal tail:
Area, sq ft (includes area blanketed by vertical tail} . . . 0.154
Span, T . ¢ ¢ ¢ ¢ ¢ ¢ ¢ s s 4 e e s o 4 o s 8 e & & & o 0.733

Aspect ratio . & ¢ ¢ ¢ ¢ c c d b e ¢ e i s e e e e o s« « 3.5
Sweepback of quarter-chord line, deg . .« « « « « & o« « « « 7
Taper rabtio &« o ¢ ¢ ¢ ¢ @ ¢ ¢ e e e o o a « o 2 s 8 a4 o o = @ 0.2
Airfoil section thickness in streamwise direction, percent

(see table IV for ordinates) . . . « o « « o o « « « o « 5.5

Total elevator area, sq ft . . . . . . . « « & « = « = . . . 0.0226

Low horizontal tail:
Area, sq ft (includes area blanketed by fuselage) . . . . . . 0.191
SPEN, FE « o o o o + 4 o e e e e e e s e e e e m e e ... 0.8

Aspect TABI0 &+ ¢ 4 4 4 4 4t h ke e e e s e e s e e s e e 3.65
Sweepback of quarter-chord line, deg . . « « « « « ¢ « « = L7
Taper ratio « ¢ o o o ¢ ¢ o ¢ ¢ o o o o s o« s o e a « s o« s 0.2
Airfoil section thickness in streamwise direction, percent

(see table IV for ordinates) . . v o o v o « o o « o« o o &« 5.5

Total elevator area, sq ft . « . « « ¢« &+ ¢ o o = o o o . . . 0.0226

Vertical tail:
Area (exposed), 8@ £t . « &+ & ¢ 4 4 4 & 4 4 o 4 4 4 e - . . . 0.121
Span (exposed), £ . ¢« v ¢ ¢ ¢ ¢« « « 2 + « 2 s o o« « « -« . 0.425

Aspect ratio (based on exposed span and area) . . . . - . . . 1.5
Sweepback of quarter-chord line, deg . .« « « ¢ « ¢« ¢« o . « . Iy
Taper ratio (based on exposed span and area) . . . . . . . . 1.5
Airfoil section thickness in stresmwise direction, percent

(see table IV for ordinates) . . . ¢ ¢ ¢ ¢ ¢ o o o o o « 5.5

Rudder area, S £t .+ o ¢ o & o ¢ = = = 2 ¢« » = « o« « « « « « 0.016
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TABIE I.- GEOMSTRIC CHARACTERISTICS OF MODEL

Fuselage:
Fireress ratio (origiral fuselage, canopy nose) .
Fineness ratio (snortened fuselage, canopy nose)
Frontal area, sq ft . . . . . « ¢« < . . . . . . .

Miscellaneous:

NACA RM L52JLT

Concluded.

e e e . . 1k.35
e e e e 12.96
.« . . . 0.0452

Tail length from 0.35 wing M.A.C. to 0.35 tail M.A.C.

(original fuselage), £t . . . . .

Tail length from 0.35 wing M.A.C. to 0.35 tail M.A.C.

(shortened fuselege), £t . . . . . + « . . . .

. e e . 1.636

A 1.302



TABLE II.- ORDINATES OF ORIGINAT, WING

[Values are in inches)

Semispan station 1,40

Semispan station 4.L37

Semispan astation 13.05k

Chord Upper Lower Chord Upper Lower Chord Upper Lower
station ordinate ordinate stetion ordinate ordinate station ordinate ordinate
0 0.0057 0 0 0.0046 0 0 0.0013 0
.057 0608 .0384 046 .0486 .0307 .0128 0136 .0086
.086 .0753 .0l56 .068 .0602 .0365 .0192 .0169 .0102
.143 .0981 .0539 A1k L0784 .0h31 .0319 .0220 .0121
.285 .1385 .0618 228 .1108 .0kg5 .0639 .0310 .0138
570 201 .07k 1456 .1608 .0593 .128 L0460 .0166
855 .2hg .086 .684 .199 .069 .192 .056 .019
1.1h0 .285 .098 912 .228 .078 .255 .06k .022
1.710 .339 122 1.368 271 .098 .383 .06 .07
2,201 .372 .16 1.824 297 W17 511 .083 .033
2,851 +395 .168 2.280 .316 .134 .639 .088 .038
3,421 13 .183 2.736 .330 IR . 766 .093 .0l
3.991 L) .196 3.192 337 156 .94 094 Ohl
h.561 o5 .201 3.648 .34%0 161 1.022 .095 .05
5.131 b2y, +203 4,104 .33 .162 1.149 .094 .0l
5.701 .ho8 .198 4.560 .36 .159 1.277 .001 LOhh
6.272 .387 .186 5.015 .310 .19 1.405 .087 .02
6.842 .358 .168 5.47L .286 .135 1.532 .080 .038
T.h12 .322 .148 5.927 .258 .118 1,660 .072 .033
7.982 .201 .127 6.383 205 .102 1.788 .063 .028
9.122 .192 .085 7.295 .153 .068 2,043 043 .019
10,263 .096 .0kp 8.207 07T 034 2,299 022 .010
11.h03 .011 011 9.119 .009 .009 2.55L .0025 .0025

Leading-edge radius, 0,023

*a = 0.0123

d = 0.0379

Leading-edge radius, 0.018

Leading-edge radius, 0.005

4 = 0,111k

*3 18 the vertical distance between the leading-edge point of a section chord line

and the root-chord plane.

LTr2CT W VOVN
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TABLE ITT.- ORDINATES OF MODIFIED WING

Efalues are in lnchea

Semispan station 1.4k0

Semispan gtation 2.625

Semlspan station 10.500

Semispan station 13.05h

Chord Upper Lower Chord Upper Lower Chord Upper Lower Chord Upper Lower
stution | ordinate | ordinate || station | ordinate | ordinate || station | ordinate | ordinate || station | ordinate | ordinate
0 0.006 0 0 0.005 0 0 -0.093 0.099 0 -0.053 0.056
.057 061 .038 .052 .056 .035 .022 -.063 .106 .013 -.036 .060
.086 .075 .0l .079 .069 .0l2 .034 -.05k .106 .019 -.030 .060
.13 .098 .05k .131 .090 .050 .056 -.038 .103 .032 -.022 .058
.285 .138 .062 262 .128 057 .112 -.007 .092 .06k -.00k .052
.570 .201 OT4 .505 .185 .068 .285 .0kl 072 .128 .023 .ok
.855 .2l9 .086 .788 .229 079 .338 .076 .059 .192 .0h3 .033
1.1%0 .285 .098 1.050 .262 .090 450 .101 .052 .255 .057 .029
1.710 .339 .122 1.575 .312 .112 675 .133 .050 .383 075 .028
2,281 .37° .146 2.100 .3k .13k .900 k7 .058 511 .083 .033
3.h21 .13 .183 3.15% .380 .168 1.350 .163 072 .T766 .092 .ol
L,561 .h25 .201 k200 .391 .185 1.800 .168 .079 1.022 .095 ohs
5.701 .1o8 .198 5,850 .376 .183 2.9250 .161 .078 1.278 .091 .0kh
6.8k .358 .168 6.300 .329 .155 2,700 Akl .066 1.532 .080 .038
7.982 .281 .127 7.350 .859 17 3.150 111 .055 1,788 .063 .028
9.122 .192 .085 8.%400 176 $ 3.600 076 2,043 .0k3 i
10,263 ,096 .0k2 9.450 .088 k.050 N . T | p
11.%03 .01l 011 10,500 .010 .010 h,500 .0045 L0045 2,554 .0025 .0025

Leading-edge radius, 0.023

*3 = 0.0123

Leading-edge radius, 0.021

d = 0,0224

Leading-edge radius, 0,009

d = 0.0896

Leading-edge radius, 0.005

d = 0.111k

*d is the vertical distance between the leading-edge point of a section chord lire apd the root-chord plane.
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TABLE IV.- SECTION ORDINATES FOR HORIZONTAL AND VERTICAL TAILS

Efalues are in percent of total chord leng‘blﬂ

Chord Symmetrical ordinate
0 0
.50 436
.15 .526
1.25 675
2.%0 .876
5.00 1.201
T.50 1.456
10.00 1.672
15.00 2.01k
20.00 2.275
25.00 2.472
30.00 2.61k
Lo.00 2.7h8
50.00 2.658
60.00 2.308
T0.00 1.77k
100.00 0]

Leading-edge radii:
Horizontal tail, root, in.
Horizontal tail, tip, in.
Vertical tail, root, in.
Vertical tail, tip, in.

0.011
0.002
0.008

0.002

25




TATLE V.- TABULATTON OF CONFIGURATIONS I'CR PTTCH TESTS

(a) M= 1.k1
Horizontal, Nacelle
Run) Fuselage Fug;i:gn Wing inc‘,il.é‘e‘f\ce ’ dﬂ‘:loﬂl'gal., Hori::;tﬂl 1ail ht:;—;:ur Verlicul| 1::2&21,‘ Racelle nemlspan Rewmar ks
length shape configuration| deg deg position 1ncédem:e, deg ? tail deg configuration| location,
eg _percent
L8 |Standard | Canopy Originnl h ] High -8 0 o ] ore -—
ko -3 l F -—
20 2 —
51 -3 -10 -——
52 -20 -
A ofe A — .
5k Low 2 0 8 -—
5 -8
5 | |3
57 orf -— ——
8 v .- High ---
29 Modified h 0 Low Wedge-pod 60
€0 l off -
61 Original \ \ Wedge-pod 60
62 Fed -— - ¥
63 Low -3 0 50 Nacolle internal drag measured
64 Cone~pod l Nacelle internsl drag measured
65
66 60
T off -—— Check of yun 56
T2 High Buried Nacelle internal drsg measured
73 v v \
Th Vv ofr - L v
81 off -— — -3 [+] ore —— ory —-—
86 Original 2 0 l v — -—
87 }|‘, Low On 0 -
88 ofs . A \L Core-~pod 60
89 v Modified -3 0 orf ——
90 | Shortened] Original off -— -—
93 Tow [ 0 ——
ol Blunt ogive -—
95 Cusp —
96 v Sharp ogive v \ _—
L] 3 - . L ]

92

LT0eSgT W VOVN
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TABIF V.- TABULATION OF CONFIGURATIONS FOR PICH TESTS - Concluded
(b) M=2,01
Horizontall Nacelle
Run Fuselage Fu:;i:ge Wing 1nc‘:;:gce, dﬂ:': d‘.:-sal, Hori.:ci)ftnl tail Ei:;;:?r Vertical| zlﬁi:‘ Nacelle semispan Remurkas
length ohape configuration deg deg poaltion 1nc(]1.2.2nce, deg tail deg contiguration 1;::::::’

1 | Standard | Canppy Original h (o} Low f 0 On 0 off -— Model, Joints not faired
2 ———

3 -3 —

4 v -8 .

5 ore -— — “——

6 Migh -3 0 -

1 -8 -

8 =13 f—

9 2 —

10 q T -—-

11 Cusp -3 ——

12 Blunt ogive m——
13 Sharp ogive —_—
14 Canopy ——— Check of run 6

15 -5 —--

16 -10 ——

17 10 -——

18 v -20 —
20 off —— — Cone-pod 50 | Nacelle internal drag measured
21 —— ——— v &

22 --- —— oee -

23 \ - _— Cone-pod 6o

oh Low -3 0

3k 4 off v - off ——

35 / 2 Low -3 0 ——

36 ore J J 4‘ —

37 \l{ -—- - High l \ —

39 - — off - - orr | --- —-

o] Original L 0 Bigh -3 ¢} On 0 Burjed
n, N i

L] orf _-— -

bh High -3 0 Nacelle internal drag meagured
] ore ~-- | Check of run 6

6 --- | Gap between horizontal and

\ vertical tall filled
k7 Modi.fied - Gap belween horizontel and
v v ' 4 veriical iail filled

LTC2GT W VOVN
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TABLE VI.- TABULATION OF CONFIGURATTONS FOR YAW IRSTS

Fuselege Wing : | Wing |Horizomtel|Horizomtal|p)evaior Rudder Nacelle

Rup|Fuselage nose Wing incidence, | dihedral, tail tail angle, Vertical angle, Nacel]e_ semispan

length shape Configuration deg deg position incidence, deg tail deg configuration|location,

deg percent

M= 1.k
67 |8tandard | Capopy | Original L 0 Low -3 0 On 0 Cone-pod 60
68 l orf —
69 Wedge-pod 60
T0 i v Cone~-pod 50
75 v High Buried .
76 off - - off -
77 Original b 0 -
78 ‘L -5 . -—
i L o
0 5 ] M 0 -
82 ot Y. - ot g Y. oft | --- -
83 Original " 0 - --- - S
8l i 5 -
85 v 2 0 -— -— -—- -—
91 |Shortened| L : —— - y -— -
92 v J Low -3 0 On 0 v —
M= 2,01
19 |standard | Canopy | Original L 0 High -3 0 On 0 off -—-
25 Cone-pod 60
26 v 50
27 -5 off —
28 -10 -—-
29 off --- - off | - ——
30 S High -3 0 On 0 -
31 l Off -—- - 0Pt - ——
32 orse -t Y. —- - — -
33 Original 0 - -—- l ——— _—
38 ore - l High -3 0 On 0 _—
i3 | ¥ Original L v ¥ ¥ v v Buried

2 L | b L' 4

8

LTP2CT Wl VOUN



NACA RM 152317 QAN

TABLE VII.- TABULATED DATA FOR PITCH TESTS, M = 1.41

Run a CL Cp Co Run a Cy, Cp Cr
kg -1.8 0.028 0.03k 0.101 5h 41 -0.058 0.025 0.005
b .163 .039 .062 -8.h -.339 .055 .099
2.6 .292 .055 .02 -6.3 -.206 .035 .055
L6 kit 077 -.017 -1.9 .C8L .026 -.039
6.7 .535 .110 -.050 .2 .218 .035 -.082
8.8 645 .1kg -.077 2.4 348 .053 -.127
10.9 .43 .195 -.097 L 5 Ny .078 -.165
-1.8 .027 .03L .102 5.0 .502 087 .17k
b1 -.059 .025 .005
L7] -8.5 -0.361 0.062 0.16k 5.0 .502 .087 -.17h
-6.3 -.231 .0k2 125
.t -.086 .030 .07T9 55 -k.o -0.106 0.036 0.131
-1.9 .054% .029 .038 -6.1 -.218 .069 .179
.3 .182 .035 -.002 -1.8 .03k .03h .091
2.5 .318 .053 -.047 .4 167 .0k .050
k.5 k1 -077 -.085 2.5 295 .056 -007
6.7 .559 .109 -.117 k5 g .0T9 -.032
8.8 .667 .150 -.1h2 6.7 .538 .110 -.066
10.9 T67 .198 -.162 8.8 648 .1kg -.095
k.5 sk .0T6 -.08k 10.9 Th8 .196 -.121
.3 .18% .035 -.003 -k.0 -.107 .037 .132
-.8 117 .030 .019
-2.9 -.015 .028 .058 56 k.o -0.080 0.030 0.070
-8.3 -.362 .061 .163
50 k1 -0.061 0.025 0.013 -6.2 -.228 .0k .121
-8.% -.341 .055 .103 -1.9 .062 .029 -026
-6.3 -.209 .036 .061 .3 .191 .035 -.015
-1.9 .OTT .026 -.027 2.5 .324 052 -.060
.2 .208 .03k -.066 k.5 418 OTT -.098
2.4 2341 .052 -.110 6.6 566 .110 -.131
4.5 467 .078 -.148 8.8 675 .151 -.160
5.6 .52k .09k -.166 10.9 .TT6 .198 -.186
-3.0 .010 .025 -.008 -4.0 -.085 .029 072
b1 -.062 .025 .013
57 -5.9 -0.063 .019 0.110
51 -h.0 -0.093 0.032 0.101 -3.9 -.0hT .015 .088
-6.2 -.239 .043 .148 -1.9 -.033 .012 .064
-1.8 .0h3 .031 061 0 -.017 .011 .Cho
.3 17T .038 .019 2.0 -.002 .010 .017
2.5 .311 .054 -.026 Lo .011 .011 -.00%
k.5 436 .078 -.066 6.0 .027 .012 -.026
6.7 .55k 111 -.099 §.0 .ok2 .015 -.0k8
8.8 .662 .150 -.125 10.0 .058 .018 -.068
10.9 .62 .198 -.1k3 -5.9 -.062 .019 .110
-1.8 043 .031 .060
58 -5.9 -0.063 | 0.019 0.109
52 -6.1 -0.253 0.0LT 0.165 -3.9 -.0k8 .016 .089
-k.0 -.100 .035 .120 -1.9 -.036 .013 .070
-1.8 .039 .034 .079 .1 -.022 .0l2 .050
A 171 .oho 037 2.0 -.010 .011 .031
2.5 .307 .057 -.009 k.o .002 2011 .016
4.5 b3t .081 -.0k8 6.0 .01k .012 -.001
6.7 .550 2113 -.082 8.0 027 .013 -.015
8.8 657 .153 -.109 10.0 .038 .016 -.025
10.9 756 .200 -.127 5.9 -.062 .019 .109
) -.099 .035 .19
i T 1[59 4.1 ~0.122 0.045 0.085
53 -8.5 -0.312 0.051 0.021 -8.% -.397 .08L 157
-6.3 -.188 .03h .002 -6.2 -.263 .059 .122
4.1 -.0hg .02 -.021 -1.9 .035 .olo .0ko
-1.9 .082 .025 -.0ko .3 .189 .ok7 -.008
.3 .209 .033 -.059 2.5 .329 .06 -.052
2.4 -332 .051 -.080 .5 ] .089 -.088
4.5 .hk8 075 -.099 6.7 .589 .i23 -.116
6.7 .560 .109 -.11k 8.8 .708 164 -.1ko
8.8 .663 .148 . T 11.0 .81k .213 -.157
10.9 757 .196 -.133 -k.1 -.115 o4k .08k
4.1 T-.050 .02k -.021




AR NACA RM L52JL7

TABLL: ¥II.- TARULATED DATA FOR PITCH TESTS, M = 1.kl - Continued

a CL Cp Cq Bun a c-, Cp Sn
-6.2 -G.23h 0.5 0.220 . 71 -L.0 -0.084 0.030 0.07L
4.0 -.092 .032 073 .3 191 .036 ~.0
-1.9 L0351 .032 .027 4.5 42 07T -.097

.3 .193 .038 -.02¢ 8.8 €70 .150 -.159
2.4 .319 05k -.082 -1.9 052 .029 0Ll

4.5 g .078 -.097 -h.0 -.08h .03 .07L
6.5 .55 L0 -.127 i et
2.6 .66E Pl -} -.153 T2 -6.2 -0.234 0.045 0.126
10.9 .T68 265 -.178 -k.0 -.083 .035 oTT
-6.2 -.235 .0l5 122 -1.8 066 .034 -033

— b 205 .ol -.009
-5.2 -0.246 0.05% 2.120 | 2.k 341 L0861 -.051
-k.0 -.102 .olG 078 L € 70 087 -.089
-1.9 047 .038 .c3k | 6.7 592 124 -.120

.3 .195 046 -.011 ! 8.8 703 167 - 1lk
2.k 339 -062 -.0%2 | 11.9 805 217 -.l60

4.6 465 .068 -.c89 -6.2 -.235 .0l5 127

8.7 591 .123 -.119 -

a.8 .710 .166 -.1k5 13 -6.2 -0.235 0.Ch6 0.127
11.0 815 214 -.263 -1.8 06k -033 034
-6.2 -.245 L05h 120 2.4 240 .060 -.050

6.7 .562 123 -.120
-2 -0.0€3 0.036 -0.021 -6.2 -2l o5 .129
-€.4 -.206 .0uT -.005 - -- -
-2.0 .CES 034 -.029 % T ) -0.05k 0.929 -0.019

.2 .20 .0is2 -.058 -6,k -.203 .039 .00T
2.h L34L .080 -.075 -1.9 .050 .029 -.0bLk
4.5 W65 086 -.092 .3 227 .039 -.067
5.7 .589 121 -.105 - .355 .95 -.0G1
a.9 .02 16% - 11 4.5 JhTo .085 -.113
11.C .82 212 -.115 6.7 567 122 -.133
12.1 .Ehy 237 -.113 6.3 .To€ 265 -.150
-4.2 -.071 035 -.031 11.0 .809 217 -.162

.3 223 .039 -.065
-6.2 ~-0.2hg C.05k 0.1909 -6.3 -.202 .028 .01
-L.L -.200 .0l .C -h,I -.055 .028 -0
-1.% kg 037 .C20 g 1

.3 197 .ouk -.023 81 -6.1 -0.007 0.009 -0.020
2.0 329 051 -.059 -L.o -.0Ch .co8 -.015

L.5 159 08T -.089 -2.0 -.0Cc2 .008 -.008
6.7 58l 120 0 -.0C1 .008 -.001
8.8 .T0L 153 2.0 .00 .C08 006
1.9 .801 219 4,0 003 .co8 o13
-6.2 -.251 053 6.0 .005 .c08 019

8.0 L0109 .00S 025
-6.2 -0.238 0.055 0.129 19.1 .015 .010 031
-L.0 -.093 .0L3 €8 -6.1 -.co7 .009 -.020
-1.9 o5k 03g .023 Em— - - R i k

.3 201 .oL8 -.020 a6 -2.1 -0.028 0.023 -0.017
2.5 332 .066 -.056 -5.5 291 .0uT 092

4.5 b6l .C90 -.085 -L,3 .67 .030 .00k

6.7 .586 .125 ~.11k .1 .100 .02h -.03h
2.8 T01 16T -.136 2.3 221 .033 -.051
.0 .8cc .25 -.152 hou . 3h2 051 -.070
-6.2 -.239 .055 112 6.5 45T LOTT -.086

- a.7 56T 111 -.101
-k.0 -0.097 0.043 0.072 10.8 667 152 -.111

3 .202 .oL8 -.018 WL 095 .02k -.033

L€ €2 091 -.085 -2.5 -.031 .023 -.026
a.g .02 .158 -.136 - —r - -1 -
-k.c -.C56 .0k2 .c72 a7 -E.4 -0.330 0.055 0.139

-4.2 -.1%0 .036 .096
-h.0 -0.0%86 C.okk 0.C84 -2.1 olL8 027 .0h8
-8.L -.378 .08 164 .2 .028 .Co8
-6.2 -.2L6 057 .128 2.3 .216 .037 -.032
-1.% .Chg .ol 039 L b .34 .05k -.072

.3 198 ohg -.007 6.5 LEL .080 -.108
2.5 337 056 -.5 8.6 .58 .13 -.1h2

&6 459 092 -.cat1 19.7 691 154 -.27h

6.7 599 127 -.118 -6k -.330 055 .139
3.8 715 AT -l
11.0 821 220 -6k
~4,0 -.102 .0L3 085




NACA RM L52J17 S

TABLE VII.- TABULATED DATA FOR PITCE TESTS, M = 1.1l - Concluded

Rur [ CL Cp Cpm
88 -6.5 -0.200 0.050 -0.001
-k.2 -.062 .038 -.018
-2.0 .080 .037 -.038
.3 221 .0k5 -.059
2.4 348 064 -.076
H %73 .09L -.092
6.7 596 .125 -.105
8.8 TC8 .168 -.11h
11.0 .810 .218 -.117
-6.4 -.1 .ohg -.00%
89 -kl -0.155 0.03k -0.020
-6.4 -.1 .039 .003
-1.9 .07k .027 -.0k1
.3 .210 .036 -.063
2.5 331 .052 -.083
L6 AT OTT -.100
6.7 555 -109 -.113
8.8 657 .146 -.122
10.¢ 752 -193 -.129
13.0 839 .2k3 -.133
-h.1 -.063 .026 -.019
90 6.4 -0.17k 0.030 -0.001
-L.3 -.0k3 .021 -.02%
-2.0 .085 .022 -.0k2
.2 .209 .030 -.061
2.3 324 .0l6 -.081
L3 437 071 -.098
6.1 .5 101 -.1ik
8.5 .648 .139 -.125
10.5 .ThO .185 -.133
-6.3 -.176 .029 [s]
93 -6.2 -0.226 0.0%0 0.098
-k.0 -.082 029 .05%
-1.8 .055 .028 .015
ok .190 .035 -.027
2.4 .316 .051 -.067
kL .h36 .OTh -.101
6.4 .552 105 -.132
8.5 .661 .1h3 -.159
-6.1 -.223 .038 .098
9L -6.2 -0.227 0.039 0.100
-%.0 -.081 .028 .055
-1.9 .056 027 .016
R .191 .033 -.026
2.4 .318 .050 -.065
L.k 37 .0T3 -.101
6.4 554 .105 -.132
8.5 .662 .1lh2 -.159
-6.2 -.228 .039 .100
95 -6.2 -0.226 0.0L2 0.098
-4.0 -.081 .030 .05k
-1.8 .056 .030 .015
R 191 .037 -.026
2.4 .316 .053 -.065
L.k 437 .076 -.100
6.% .553 .107 -.131
8.5 .663 .46 -.158
-6.2 -.226 .0k2 .098
96 ~6.1 -0.222 0.038 0.098
-4.0 -.082 .028 .055
-1.8 .056 027 .015
R .191 .03k -.026
2.k 2317 .050 -.065
L b k36 .073 -.101
6.4 554 1ok -.132
8.5 .663 .lh2 -.159
-6.1 -.223 .038 .098




AR NACA RM L52J17

JABLE VXiI.- TABULATED DATA ROR PCTCH TESTS, M = 2.01

Run - Cy, Cp Cm HAun [ CL Cp Cn
1 -6.h -0.152 ©.034% 0.037 8 -6.1 -0.186 0.052 0.152
-h.2 -.058 .026 .08 -3.9 ~.102 .0k3 131
-2.0 036 025 -.021 -z.8 ~.011 .0lo 108
1 128 032 -.0L8 .3 079 .0k3 .068
.1 .228 032 -.048 2.5 167 .053 .065
2.2 219 .Ch3 -.077 4.6 251 .069 [s1%]
4.3 305 .081 -.100 6.6 .330 .088 026
6.3 .287 .083 -.l22 8.6 ot 113 010
8.2 .53 .113 -.1h2 10.7 479 143 -.003
~B.it =15 .034 .038 12.7 5 JATT -.01%
k.3 305 .061 -.099 13.7 .5T8 195 -.02%
<h,2 -.069 .025 .010 -3.9 -.10h Lob3 132
2 8.k -0.233 C.0L7 0.06h 9 -8.4 -¢.236 0.047 9.063
k.1 -.05%9 .026 010 -6.% -.153 .03h o3
.1 132 .03 -.okT -h.2 -.06L .027 .019
L.3 309 062 -.0%6 -2.1 .020 .0z6 -
8.3 . .112 -.1k0 o 1232 .031 -.030
-2 -.061 .026 o1 2.1 .211 .0L3 -.054
k.2 .300 .061 -.079
3 -8.3 -0.254 0.053 0.103 6.3 381 o8n -.099
-6.3 -.167 .037 079 8.k 45T L1112 -.118
-L.0 -.07h .029 051 -k.2 ~.06k 027 020
-1.9 .020 .027 .023
.2 111 .022 -.001 10 -20.k ~0.307 0.C64 0.048
2.k .20k -Olyiy -.030 -8.k -.225 .0l6 029
4 4 290 060 -.054 -6.4 -.1M .033 .007T
6.5 <373 .c2 -.077 -3 -.052 .027 -.017
8.k 450 .109 -.097 -2.1 okl 027 -0l
19.% .526 .102 -.221 [o] 137 033 -.070
.2 .110 .032 -.002 2.1 225 oks -.096
3.2 272 .055 -.109
y -6.1 =267 0.059 0.143 -3.2 -.050 027 ~.017
-6.2 -.18L .Obl 115 - T
-h.o -.C89 .03k .092 11 4.0 -C.075 0.029 0.058
-1.9 ook .032 065 -6.2 -1 .037 .CBL
.3 o9l .036 .olg -2.0 026 .07 034
2.3 182 .06 .018 .3 .108 .032 o011
L5 269 062 -.CoT 2.h .201 -Oik -.0L4
6.6 353 .083 -.029 k.5 .282 .C60 -.036
8.5 432 .108 -.051 6.5 .36k .08z -.056
10.5 .508 1o -.07h 8.5 R 109 -.072
=40 -.052 .03k .093 -4.0 -.079 .029 .
11.8 1 .163 -.092 —_—— - -
-_— 12 -kl -0.08L 0.031 0.058
5 -6.5 -0.159 ©.032 -0.006 6.1 -.169 .039 .
-h.3 -.050 024 -.015 -2.0 .015 .029 .03h
-2.1 .037 024 -.026 -3 107 .03k .011
0 .22k 029 -.035 2.4 .198 .0k§ -.012
2.2 .20€ Okl ~.0b4 L.5 .282 .063 -.03h
L.3 .289 059 -.053 6.5 .363 .085 -.053
6.4 363 080 - 8.5 RA5E 2111 -.068
8.5 437 107 -.066 -k.0 - .031 058
10.5 .56 .138 -.072 2.4 .198 .0 -.012
6 -8.h -0.251 0.052 ¢.100 13 =4,1 -0.080 0.028 0.059
-5.3 ~.166 .038 .C60 -€.1 -l .037 .
b1 -.07T6 .030 056 -2.0 016 .027 .03k
-2.0 o7 .028 .032 .3 107 031 .011
K 109 .033 .009 2.k .198 Oolh -.013
2.3 158 .ohls -.015 4.5 283 .060 -.036
k. L 283 060 -.03T 6.5 363 082 e
€. 3 .c82 -.05T 8.5 k39 .108 -.072
8.4 4o .109 -.073 -h.1 - 029 059
10.5 512 .1ho -.087 — - —— - 4
-2.9 .016 .028 .033 14 -4 -0.078 0.030 0.057
— .3 105 .033 .010
T =1 -0.092 0.036 0.095 2.k 193 .0kk -0Lh
-6.2 -.178 .0uk 116 ki 2 R - 037
-8.3 -.262 .060 137 - T - 1
-1.8 .003 .032 072 15 -8.3 -0.255 0.053 0.105
b 053 .038 .09 -L.1 ~.080 .030 062
2.5 182 .obT .026 -1.9 013 .029 037
L6 269 064 .003 .2 10h .033 .01k
.6 3L5 084 -.015 L 279 .061 -.032
.6 423 .110 -.03L 6.2 361 .081 -.052
T 4gh 1] -.0kL 8.5 W37 109 -.068
7 562 177 -.059 0.5 513 .lho -.081
.7 .628 216 -.082 -8.2 -.254 .053 106
T -593 -195 -.070
LT .527 .158 -.050
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TABIE VIII.- TABULATED DATA FOR PITCH TESTS, M = 2.01 - Conmtinued

< Run o Ci, Cp Cm Run .3 C1, Cp Cm
16 -k -0.082 0.031 0.063 ok -8.2 -0.26L 0.067 0.103
-6.2 -.169 .039 .091 -6.3 -.180 .052 .085
-2.0 .03 .029 .0k3 k1 -.086 .0k3 .061
.3 .10k 034 .020 -1.9 .012 .039 .037
2.4 .193 .g? -.004 .2 .109 .0U5 .013
L.3 279 .061 -.026 2.4 .208 .056 -.015
6.5 .359 .083 -.046 4.5 .301 075 -.039
. 8.5 k35 .109 -.062 6.5 .392 .099 -.061
-L.1 -.083 .031 .069 8.6 k79 .129 -.080
10.6 .56L4 .165 -.100
17 4.2 -0.07T7 0.030 0.050 -8.3 -.270 .068 .105
-6.2 -.163 .038 072
-2.0 .020 .028 .025 3k -2.8 -0.060 0.023 -0.009
.3 .110 034 .002 .1 .053 022 -.021
2.4 .200 .0k5 -.023 2.3 .1ko .029 -.030
4 b .284 .06 -.0k6 L.3 .220 Ol2 -.038
6.5 .365 .083 -.066 6.5 .297 .060 -.046
8.4 k3 .109 -.082 8.5 375 .083 -.052
-h.2 -.078 .030 .051 10.6 R TS .110 -.058
-2.7 -.060 .023 -.009
18 -L.a -0.087 0.03% 0.078
-6.2 -.171 .ok .101 35 -2.0 -0.05% 0.027 0.0k2
-1.9 .009 .031 .052 -8.4 -.319 067 .118
.3 .099 .035 .029 6.4 -.236 .out .095 |
2.4 .190 .0k46 -005 -k.2 -.147 .034 . -069
< 4.5 274 .063 -.017 -2.0 -.054 .027 .0k2
6.6 .355 .085 -.037 .2 .ok .026 .012
8.6 32 L111 -.053 2.3 .133 .032 -.015
-kl -.086 .033 .079 4.4 .223 .05 -.039
6.5 .307 .063 -.062
hd 20 -7.3 -0.183 0.049 -0.005 8.5 .389 .086 -.087
-} -.062 .037 -.012 10.4 .h68 .113 -.110
-2.0 .028 .036 -.017
.2 .119 .oh2 -.023 36 -1.9 -0.027 0.012 0.0k6
2.4 .208 .054 -.030 -7.9 -.060 .021 .080
k.5 .296 072 -.037 -6.0 -.olg .017 .0T0
6.6 .381 .098 -.oko -3.9 -.037 .015 .059
8.7 Lh61 .127 -.0k2 -1.9 -.026 .012- .0L&
-4.1 -.061 .037 -.011 .1 -.015 .010 .033
10.7 .539 .162 -.0k3 2.2 -.00k 009 .019
L.1 006 .010 006
21 -6.3 -0.148 0.0%5 -0.007 6.2 .019 .012 -.006
-1.9 .029 .036 -.017 8.0 .032 .01k -.018
2. .208 .05h -.030 10.0 .0ks .017 -.027
6.6 .382 .098 -.0ko
10.7 .54 .162 -.0k3 37 0.1 -0.020 0.011 0.043
-1.9 .028 .036 -.016 -8.0 -.059 .021 07T
-6.0 -.0k9 .018 .070
22 I -0.049 0.024 -0.015 k.o -.037 .015 .060
-2.0 .037 .025 -.025 -1.9 -.029 .012 .052
.2 .123 .030 -.03k4 .1 -.020 .010 .043
2.4 .206 .oh2 -.043 2.1 -.011 .010 .033
4.5 .287 . -.052 b1 -.003 .009 .025
6.5 .363 .081 -.060 6.1 .008 .010 017
8.6 .35 .108 . -.066 8.1 .019 .012 .01
I | -.054 .025 -.014 10.1 .029 .01k .010
23 =4.2 -0.063 0.037 -0.011 39 -8.2 -0.01L 0.010 -0.028
-6.% -.1h7 .oh6 -.005 -6.2 -.009 .009 -.020
-2.0 .029 .036 -.017 -4.2 -.006 .008 -.016
.2 .120 .ok2 -.025 -2.0 -.003 .008 -.009
2.4 211 .054 -.033 o -.001 .008 -.002
4.5 .297 .072 ~-.0h1 2.1 .002 .007 *.006
» 6.5 .38 .097 -.0k7 .1 .00k 007 .013
8.7 . h60 .127 -.051 6.1 .008 .008 .018
2.1 .208 .05k -.033 a.o .013 .009 .025
-k.2 .069 .028 -.010 10.0 .021 .011 .032
- -8.2 -.015 011 -.028
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THBELE ¥IIZ.- TABUZATED Dega FOR PITSY 72308, M = 2.01 - Concluded
Run a Cr, CD Cxp
L0 -8.1 -0.265 ¢.058 9.105
-€.L -.1h5 1] .083
-4.2 -.079 .02h .059
-2.0 .020 .032 .032
.2 112 .C35 .006
2.5 213 .0%0 -.021
L. .306 .063 -.04
£.5 .3G4 .092 -.069
a.L RE 220 -.085
0.k .153 -.09T
-2 .034 .059
Fhl 8.4 0.058 0.109
-£.4 .0Lk3 .085
=Ll .033 059
-1.9 032 .c32
.2 .037 .005
2.3 .ohg -.022
L.h 067 -.08T
6.5 091 -.065
8.4 .12¢ -.086
104 152 -.C98
-kl .033 059
LX) -4.3 ©.02% -0.023
-5.7 .050 .02
-6.6 .036
-L.3 cz9 -.013
-2.1 029 -.027
.1 .035 -.0h0
2.3 .cha -.053
Lk .G66 -.066
6.5 .090 -.078
8.5 .219 -.089
15.5 .153 -.098
I -L.3 0.c30 -0.011
-8.8 €53 .021
-4.3 03C -.011
[+} .035 -.0k0
4.3 068 -.057
6.5 L18 -.080
-6.8 .053 021
45 I 0.c29 ©.060
-8.i 052 104
5.2 .c38 082
-kl .029 .C59
-2.0 .028 c3h
.3 .033 010
2.k . Oigh -.C15
ok 061 -.037
6.4 082 -.057
8.5 169 -.073
10.5 .1ko -. 067
.2 .033 009
-2.5 .027 033
-L.2 029 .€59
R .038 .82
-a.h .053 .1oh
Lg -8.5 .05k H
-+.2 .029 .
5 .032
by [«158
8.4 . W10
16.5 1u1
5.4 okc
-8.5 .05k
L7 -8.3 0.058
-6.2 -.180 .olhi2
-4.0 -.091 .033
-L.8 006 .03
A .095 035
2.4 .157 .eh5 ~.0L4
4.5 277 062 -.037
6.5 .359 .082 -.058
5.6 437 .109 -.CTi
10.6 503 .139 -.C87
-8.3 -.26% .058 .105




NACA RM L52J17

TABLE TX.- TABULATED DATA FOR YAW TESTS, M = 1.4

35

Run ¥ cr, Cp Cm Cy Cn Cy
67 -0.1 0.198 0.048 -0.008 -0.001 -0.0008 ¢.0055
4.1 .192 LONT -.006 -.001 .0148 -.045%
-2.1 195 .048 -.007 -.001 .0069 -.0201
2.1 .196 QL7 -.007 -.001 - .C08kL .0307
4,2 .196 .oL8 -.004 -.001 -.0L70 .0578
6.5 .19k .oLu8 .001 -.00L -.0241 .08ko
-1 .196 .0L8 -.008 -.001 -.0007 .0056
k.2 .195 .050 -.003 -.001 -.0169 .0583
€8 0.1 0.189 0.037 -0.017 -0.001 -0.0008 0.005%
-4.1 .183 .036 -.012 -.00% .0133 -.0281
2.1 .186 .036 -.015 -.002 .0061 -.0115
2.1 .188 .037 -.015 0 -.007T .0220
h.o .189 .037 -.010 .002 -.015% .0Lo3
6.5 .184 .037 -.002 .003 -.022h .0582
-.1 .189 .037 -.017 -.00% -.0006 .00h9
69 -4.1 0.185 0.044 -0.0c8 -0.001 0.01Lkg -0.0460
-2.1 .188 .Ohk -.009 -.001 .0068 -.0199
-.1 .189 Ol -.009 -.001 -.0006 .0050
2.1 .189 Okl -.008 -.001 -.0083 .0308
k.2 .189 .0kl -.005 -.001 -.0167 .0582
5.9 .187 .0kY -.002 -.001 -.022% .0782
-k .186 .okl -.007 -.001 .0152 -.0465
70 -6.2 0.186 0.048 -0.008 -0.00k 0.0220 -0.0732
-4 192 QU9 -.013 -.003 .0l -.0462
-2.1 .196 .oL8 -.018 -.002 .0063 -.0209
-.1 197 .oLg -.019 -.001 -.0006 ,0038
2.1 .197 .0LS -.016 0 -.0077 .0287
L.2 .19k .0k8 -.011 .00L -.0157 .0552
5.5 .189 .08 -.005 .002 -.0229 .0821
-2.1 .196 .048 -.018 -.002 .0065 -.0209
-6.0 .186 .0L8 -.008 -.005 .0218 -.0737
75 -0.1 0.205 0.0k0 -0.008 o -0.0008 0.0055
5.1 .201 .olo -.069 -.005 L0148 -.0316
-2.1 .20k .0bko -.009 -.003 .0069 -.0135
2.1 .205 .0kL -.008 .002 -.008% .0233
L.2 .205 .0k1 -.008 .00k ~-.0161 .0L16
6.5 .207 .0k -.008 .007 -.0222 .0591
-1 .20k .0ko -.009 0 -.0005 .00L6
76 -4,0 -0.020 0.012 0.046 -0.005 0.0137 -0.0283
-2.0 -.021 011 .oL8 -.003 .0061 -.0117
0 -.021 o1 .okg o] -.0012 .00k49
2.0 -.021 .0:1 .0kg .002 -.0086 .0205
k.0 -.021 .011 .0k8 .00k -.0163 L0375
€.0 -.020 .011 .0k6 .006 -.0230 .0530
-k.0 -.020 .010 046 -.005 .0138 -.0279
7 0.1 0.190 0.036 -0.002 -0.091 -0.0010 0.0061
-3.9 .189 .035 -.002 -.005 .0133 -.0278
-1.9 .190 035 -.002 -.003 .0060 -.0106
2.0 .192 .035 -.002 001 -.0082 .02kg
4.0 .192 036 -.001 .003 -.0157 .0l16
6.1 .193 .037 o .005 -.0229 .0595
.1 .191 .036 -.002 -.001 -.0009 L0067
T8 0.3 0.183 0.035 -0.002 -0.001 0.0015 0.0032
-3.9 .183 .03% -.001 -.006 .015% -.0306
-1.9 .185 .03k -.002 -.003 .co8k -.0137
2.0 .138 035 -.002 .001 -.0058 0204
k.0 .188 037 -.002 .003 -.0133 .0385
6.1 .188 .035 o] .005 -.0207 .0562
-.1 .183 .037 -.001 -.001 .0016 .0027
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TABLE IX.- TABULATEZD DATA FOR YAW TESTS, M = 1.kl - Corcluded

Run ¥ Cr, Cp Cm Cy ] Cn Cy
9 0.1 0.185 0.035 0.001 -0.002 0.0033 | 0.0018
-3.9 .183 .036 .002 -.006 .0L78 -.0327
-1.9 .185 .035 .001 -.004 .0102 -.0152
2.1 .186. .035 0 o] -.0041 .0189
y.1 .18T7 .036 o] .002 -.0116 .0365
6.1 .187 .035 .001 .00k -.0191 .o5k7
o ,-185 .03k 0 -.003 -0069 .0082
-2.9 .18k .035 .00L -.005 0Lk -.02kp
-3.9 .183 .035 .002 -.006 LOLTT -.0327
.1 .186 .035 0 -.002 .0033 .001%
8o ~-0.1 0.183 0.035 -0.001 -0.001 -0.0007 0.0053
-4.3 .181 .035 0 -.008 .02k -.028h4
-2.1 .182 .035 [} -.00k 0054 -.0113
2.0 .182 .035 o] .003 ~.007T1 .0223
4.0 "r.184 .036 .002 .007 -.0lh2 .0ho9
6.0 .183 .036 .007 011 -.0200 .0582
k.0 .183 .036 .002 .007 -.0lko .0ko6
82 k.1 0 0.008 -0.001 o -0.0021 -0.0084%
-2.0 o] .008 -.001 o -.0010 -.0037
0 o .008 -.001 o] .0001 -.0006
2.1 o] .008 -.001 o] .0013 ookl
b1 o .008 -.001 ] 0024 .0087
6.2 o 009 -.001 (4] 0035 .0135
-4,1 .00l .008 -.001 0 -.0021 -.0079
83 4.0 0.200 0.031 -0.053 -0.001 ~-0.0013 ~0.0095
-2.0 .204% .030 -.055 -.001 -.000k -.00k)
o] .205 .030 ~.056 0 000k .0018
2.1 207 .031 -.056 0 .0012 .0076
k.1 .208 .031 -.055 0 .0022 .0139
6.1 .207 .032 -.053 .001 .0030 .0205
-k.0 .200 .031 -.053 -.001 -.0013 -.0096
8h 0 0.204% 0.030 -0.056 o 0.0003 0.0023
-k.1 .199 .031 -.052 -.005 -.0016 -.0112
-2.1 .202 .031 -.055 -.002 -.0006 ~.00L6
2.1 206 .031 ~-.056 .002 .0012 .0093
L1 207 .032 -.053 .00k .0023 .0159
6.2 .209 .033 -.051 .006 .0033 .0235
0 .203 .030 -.056 0 .000k .0023
85 0 0.099 0.024 -0.032 0.001 0.0003 0.0012
-4.0 .096 .023 -.030 o -.001% -.0098
-2.0 .097 .02k -.032 0 -.0006 -.00kh
2.1 .100 .02}4 -.032 .001 .0012 .0066
k.1 .102 024 -.031 .001 .0020 0117
6.2 .103 .02k -.029 .002 .0028 .0182
0 .010 .02k -.032 .001 .0003 .0006
91 0.1 0.207 0.030 -0.061 0 0.0009 -0.0012
k.1 .207 .031 -.058 o -.0012 -.0117
-2.1 .207 .030 -.060 0 -.000L -.0066
2.0 .207 .031 -.060 0 .0018 .0050
4.0 .207 .031 -.060 .001 .0029 .0108
6.0 .205 .03L -.057 .001 .0039 017
.1 .207 .030 -.061 [} .0008 -.001k
92 -0.1 0.191 0.03k -0.029 o -0.0007 0.0057
-1 187 .03k -.025 -.002 .0l0L -.029T7
-2.1 .189 .03% -.027 -.001 .00ks -.0120
2.0 .1%0 .034 -.027 .001 -.0062 .0231
3.9 .189 .03k -.023 .002 -.0121 .0k1T
6.0 .185 .034 -.017 .003 -.0178 .0613
-1 .190 034 -.028 o] -.0005 .0046
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TABLE X.- TABULATED DATA FOR YAW TESTS, M = 2.01

Run ¥ C1, Cp Cm Cy Cn Cy
19 h.1 0.112 0.033 0.009 0.00k -0.0091 0.0323
. 2.2 112 .033 .00T .002 -.C0L8 .0180
.0 112 .033 .006 o] -.0004 .0032
-2.0 112 .033 .006 -.002 .0038 -.0099
-k.0 112 .033 .007 -.00k .0082 -.0248
6.2 .112 .034 .010 .006 -.0137 .OkT5
ko1 112 .033 .009 .00k -.0091 .0322
25 k.1 0.108 0.0k 0.018 -0.003 0.0082 -0.0381
-2.1 .109 .ok .018 -.002 .00k0 -.0162
o] .108 .Ohk .018 ~-.001 -.0008 .0060
2.1 .108 045 .019 .001 -.0055 .0270
koo .108 045 .020 .002 -.009Lk .0k79
6.3 .108 .0k5 .021 .003 -.013%k .0706
-4.1 .108 .045 .018 -.003 .0082 -.0380
1.1 .108 045 .018 o -.0032 .0162
3.1 .108 .Ohk .019 .001 -.0075 0377
26 L. 0.109 0.044 0.017 -0.00k 0.0095 -0.0396
-2.1 .107 .ok} .019 -.002 .00k2 -.016%
0 .106 .Ohh 021 -.001 -.0008 0046
2.1 .106 o4k .020 .001 -.0058 0277
3.1 .106 045 .020 .002 -.0082 .0380
- .107 .Olk .020 .003 -.0108 .0hg3
6.3 .109 .05 -020 .00k -.0153 .0728
2.1 107 .olh .020 .001. -.0056 0276
6.3 .109 05 .020 .00k -.0153 .0730
2.1 .107 .0kl .020 .001 -.0056 L0271
-k .109 .okl 017 -.00k .0096 -.oklo
o7 o 0.113 0.033 0.007 -0.001 0.0007 0.0025
.2 111 .033 .010 .003 -.0082 .031h
2.1 113 .033 .008 .001 -.0038 .0172
-2.0 .113 .033 .007 -.003 .0050 -.0107
k.1 2113 .033 007 -.005 .009k -.0255
-6.1 .113 .03k .008 -.007 .0139 -.0L0T
o .113 .033 .007 -.001 .0006 .0029
28 4] 0.113 0.033 0.008 -0.001 0.0018 0.001T
-k.o .113 .03% .008 -.005 .0106 -.0260
-2.1 .113 .033 .007 -.003 .0061 -.0118
6.3 .113 .033 011 .005 -.0116 .0h56
41 112 .03% .010 .003 -.0071 .0306
2.0 .113 .033 .008 .001 -.0027 .0158
o .113 .033 007 -.001 .0018 .0018
-2.0 .113 .033 .008 .001 -.0027 .0159
29 .2 .128 .029 ~.03% .002 .0027 .01k4o
6.2 127 .029 -.033 .002 .0038 .0213
2.1 .128 .029 -.036 .002 .0015 .0072
0 .128 .028 -.037 .001 .000k .0009
-2.0 127 .029 -.036 .001 -.0007 -.00k9
k1 .126 .029 -.0k6 0 -.0019 -.0108
k2 127 .029 -.034 .002 .0027 .0139
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TABLE X.- TABULATED DATA FOR YAW TESTS, M = 2.0l - Concluded

Run ¥ CL Cp Cn C1 Cr Cy
30 0 0.115 0.032 0.007 0 -0.0004 0.0037
T, | L1tk .033 .009 -.007 .0073 -.0254
-2.0 L1k .032 .008 -.003 L0034 ~.0108
0 .115 .032 .007 0 -.000k .003%
2.1 A1k .033 .008 .003 -.0042 .0186
k.1 L1k 034 .011 .006 -.0081 .0327
6.1 L1k .034 0Ll .009 -.0121 0493
b1 .113 .033 .009 -.007 0075 -.0255
31 0 0.131 0.028 -0.037 0.001 0.0003 0.0018
T .129 .029 -.033 -.003 -.0022 -.0118
-2.0 .131 .029 -.036 -.001 -.0009 -.0049
ol .131 .028 -.036 .001 .0003 .0015
2.1 .131 .029 -.036 .003 .0016 .0087
4.2 L1331 .029 -.033 .005 .0028 .0161
6.2 .13 .030 -.031 007 « .00k1 .0248
32 4,0 0 0.007 .| -0.001 o) -0.0025 -0.007T
-2.0 o} .007 -.001 o -.0013 -.0032
-.2 o) .008 -.001 0 .000L .0000
2.0 o .007 -.001 0 .00k .0041
k.1 o) .008 ~.001 o} .0023 .0089
6.1 o} .008 -.001 o .0039 L0152
4.2 o .007 -.001 0 -.0026 -.0072
4.1 0 .007 -.001 0 .0027 .0091
33 -1 0.053 0.023 -0.019 0.001 -0.0020 -0.0117
-2.2 .054 .023 -.020 .001 -.0009 -.0055
0 055 .022 -.021 .001 .0002 .0003
2.1 .055 .023 -.020 .001 .0013 .005T7
k.1 .054 .023 -.018 .001 .0023 .0126
6.2 .05L4 .023 -.017 .001 .003% .0201
=41 .053 .023 -.019 .001 -.0019 -.0Ll1h
38 -4,1 -0.017 0.010 0.038 -0.00k 0.0086 -0.0220
-2.1 -.018 .013 ok -.003 .0039 -.0105
0 -.018 .011 .okl -.002 -.0009 .C035
2.0 -.019 021 .okl 0 -.0057 .0168
L.0 -.019 .005 Ok .001 -.0104 .0297
6.3 -.019 .012 .040 .003 -.0148 .0h33
-4.0 -.017 .010 .038 -.00k .0087 -.0223
6.1 -.019 .0l12 .ol .003 -.0147 .Okgo
43 0 0.123 0.037 0.003 o] -0.0005 0.0035
~L.0 12k .038 .001 -.005 .0097 -.0270
-2.0 124 .037 .002 -.002 .0046 -.0110
0 .124 .037 .003 0 -.0005 .0037
2.2 .123 .037 .003 .002 -.0056 L0195
.1 124 .037 .003 .00k -.0105 L0348
6.2 .12k .037 .003 .006 -.0156 .0522




Relative wind

Relative wind

Figure 1l.- System of axes and control-surface deflections. Positive
values of forces, moments, and angles are indicated by arrows.
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Figure 2.- Two-view drawing of the basic model.
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(a) Three-quarter view.

Figure 3.- Photographs of model.
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(b) Side view.

Figure 3.- Continued.
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(c) Bottom view.

Figure 3.- Concluded.
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(a) With wedge-pod nacelles; mounted for yaw tests.

Figure 4.~ Model mounted in the Langley 4- by L-foot supersonic
pressure tunnel.
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(b) With buried nacelles; mounted for pitch tests.

Figure 4,- Concluded.
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Figure 5.- Concluded.




ORIGINAL  WING

——— MODIFIED WING

Figure 6.- Comparison of the original and modified wing sections outboard
of the 80-percent-semispan station.
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(a) M = 1.41; low horizontal tail.

Figure 9.- Comparison of data obtained from repeat runs of basic model.
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Figure 10.- Longitudinal stability characteristics of various combina-
tions of fuselage, wing, and tail.
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Figure 32.- Mass-flow coefficients of individual ducts of the pod and
buried nacelles.
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